ABSTRACT WAYNER, M. J., JR. AND R. EMMERS. Sf&al synaptic delay in young and aged rats. Am. J. Physiol. 194(2): 403405. q#.-Synaptic delays for the monosynaptic flexor hallucis longus reflex were measured in 449 and 822-day-old rats. The mean synaptic delays were 0.97, 1.14, Anesthesia.
both rats and human beings. Brody (I) found that reaction time in the rat decreased from 100 to 300 days. There was little change from birth to about IOO days, remained constant between IOO and 50~ days, and increased rapidly after 2 years of age. A slight decrease and the conduction velocity remained virtually in reaction time was associated with a decrease in metabolic rate produced by hypophysecconstant from 300 to 850 days. Therefore, tomy and thyroidectomy. Thyroxin although it increased metabolic rate did not significantly affect reaction time. Birren and Wall (2) found the increase in response time after 2 years could not be attributed to a decrease in analysis, they are divided into six groups as shown in Anesthesia.
In the main experiment, groups and were then injected intraperitoneally with I-IV, 13 animals were anesthetized with ether during surgery, were allowed to recover 0.4 mg/kg of d-tubocurarine chloride. Animals were maintained by artificial respiration, and responses were recorded I 5 minutes after spontaneous breathing movements began to appear. Five animals, one in group I, two in in group III, and two in group IV, were spinal preparations in which the cord was peripheral conduction velocity. It seems reasonable th .at because of aging there might be a transected (under eth er anesthesia) between the eight cervical and first thoracic segments, general slowing of integrative processes in the and responses were recorded 3 hours later. central nervous system due to prolonged
In groups V and VI an attempt was made to excitation at synapses. obtain synaptic delays in unanesthetized prepThe purpose of this experiment was to com-arations with an intact spinal cord. The effects pare the delay in transmission of a monosynaptic reflex through the spinal cord in young and aged rats.
of the ether anesthesia which was administered during surgery and while the preparatio n was attached to th .e apparatus disappeared after METHODS about 2% hours. Results were obtained during Animals. Hooded rats from our own colony the brief periods which followed when the were used, 18 males and 5 aged females. For animal was quiet and spontaneous electrical activity was at a minimum. In these preparaReceived for publication January 28, 1957. tions the hind legs and a large portion of the M. J. WAYNER, JR. AND R. EMMERS Procedure. A laminectomy was performed and the roots in the lumbar region were exposed. All the roots below Lg on both sides of the cord and L3 and L4 on the left side were cut. The animal was then fixed to a rigid support by means of clamps which were attached to the vertebral column and the skull. The biceps femoris and vastus lateralis muscles of the right leg were exposed, cut and retracted. The two heads of the gastrocnemius muscle were separated and retracted. The small nerve to the flexor hallucis longus muscle was ligated and cut at the muscle. The two heads of the gastrocnemius muscle formed a natural container for a pool of paraffin oil which insulated the stimulating electrodes and prevented evaporation. All other branches of the sciatic nerve were cut. Cord temperature was maintained at 37.5"C by means of pumping water at a constant temperature through copper tubing under the paraffin oil which insulated the recording electrodes and surrounded the exposed cord.
The stimulus duration was held constant at 0.1 msec., and its amplitude was adjusted to produce a maximum afferent input. tronic switch, a 1000 cps time signal was recorded simultaneously with each response. Afferent and ventral root conduction velocities and conduction times were calculated for each animal. Synaptic delay was obtained by subtracting the conduction time, to and from the spinal cord, from the reflex delay.
RESULTS
The afferent fibers in the nerve to the flexor hallucis longus muscle enter the spinal cord via LsDR.
They synapse with a pool of motoneurones whose axons leave the cord in LsVR. Afferent stimulation of the reflex results in a synchronous response, without an after discharge, in the ventral root. Transmission time through the cord in young mature rats is approximately 1.0 msec., and indicates that it is a monosynaptic stretch reflex. The number of motoneurones is small, and represents a small proportion of the number which respond when the tibia1 nerve is stimulated. The monophasic spikes in figure I are typical reflex discharges. The ventral root discharge in part A was obtained from a young male rat II I days old in group I. The record in part B is a sample obtained from one of the old animals in group V, 873 days old. The sharp downward deflection at the beginning of the trace is the stimulus artifact. The sweep in the oscilloscope was triggered .OI msec. before the stimulus was applied. The records in figure I can be compared directly, if corrected for the conduction time measured from where the afferent input was recorded in the dorsal root and to where the reflex discharge was recorded in the ventral root. For the preparation from which the record in part A was obtained the correction is 0.66 msec., and 0.84 msec. for part B.
As there were no significant differences The variances were small and homogeneous. A one-way analysis of variance of group 1-W resulted in an F of 54.180 with with a P of < .OOI. An analysis in terms of I tests indicated that al though the differences between the m .eans of successive groups were small, each was significant and that synaptic delay increased with age.
A comparison of the mean synaptic delays in groups I/ and IV, the unanesthetized preparations with an intact spinal cord, revealed a large difference with a t of 8.416 and a P of <.oI.
This additional increase in synaptic delay (0.5 msec.) did no ta PPe=-in identical young rat preparations, or in th .e curarized aged rats with an intact spinal cord. A comparison of the mean delays in groups IV and V resulted in a t of 2.747 with a P of <.os. This interesting effect is difficult to interpret, but could possibly be attributed to an increase in supraspinal inhibit ion in aged rats which was suppressed by the curare anes thesi a in group IV. Unfort.unately, we exhausted our supply of aged rats and have been unable to test this hypothesis.
The prolonged synaptic delays in aged rats appear to be permanent and were not affected by severe tetanii of 500 cps for 20 seconds.
There were no significant differences between any of the groups of young rats in aff erent or ventral root conduction velocities. The mean afferent conduction velocity for the young rats was 66.1 m/set. and 64.2 m/set. in the ventral root. In the aged rats, the mean afferent conduction velocity was 56.9 m/set. and 43.7 m/set. in the ventral root. The difference of 9.2 m/set. in mean aff erent conduction velocities between young and aged rats was not significant. The difference of 20.5 m/set. in mean ventral root conduction velocity between young and aged rats was significant with a t of 2.775 and a P of <.os.
DISCUSSION
The synaptic delay of approximately 1.0 msec. in the young rat is in general agreement with the accepted value for various reflexes in other mature ma.mmals. Although the differences are small, there is a progressive increase in spinal synaptic delay with age. The prolongation of synaptic excitation is similar to an effect observed in spinal reflexes in cats by Eccles (3)) which resulted from a lack of use; and could possibly be related to the development of muscular dystrophy demonstrated by Berg (4) in old rats. The accumulative effects of increased synaptic delay, and decreased conduction velocity in the ventral root are difficult to assess in relation to the increased response time observed by Brody (I) in the rat. Additional information on the delay at the neuromuscular junction, muscular contraction, and the actual pathways and number of synapses involved in mediating the response are required.
The decrease in ventral root conduction velocity in the aged animals might be related to the IO% decrease in ventral root fibers observed by Duncan (5) in 8oo-day-old rats.
